Objective: To assess the effects of the ingestion of milk, yoghurt (10 8 bacteriaaml), heat-treated yoghurt (`15 bacteriaaml) and two products obtained by dilution of yoghurt with heat-treated product (10 6 and 10 5 bacteriaaml) on hydrogen production and symptoms of lactose intolerance in lactose malabsorbers. Design: Double-blind, randomised cross-over design. Setting: The study was performed in the phase 1 clinical unit of OPTIMED, Nancy, France. Subjects: Twenty-four male lactose malabsorbers were selected for the study. Interventions: Hydrogen production and adverse events were followed during 8 h after ingestion of the products.
Introduction
Milk is an important source of calcium and of animal proteins. In subjects who lack the ability to digest lactose (lactose malabsorbers), milk consumption may result in development of digestive discomfort symptoms (Bayless & Rosenweig, 1966; Littman & Hammond, 1965) . This may lead them to spontaneously reduce their consumption of milk and dairy products (Gilliland & Kim, 1984) , thus diminishing their calcium and protein intake. It is known that the presence of a living¯ora improves milk tolerance in lactose poor digesters (Kolars et al, 1984; Savaiano et al, 1984; Dewitt et al, 1988) . When yoghurt is heated before consumption, the concentration of living bacteria diminishes, depending on the conditions of heating. The consequences of this treatment are unclear: the production of hydrogen, which re¯ects the lactose maldigestion, is either enhanced after thermisation (Gilliland & Kim, 1984; Lerebours et al, 1989; McDonough et al, 1987) or unchanged (Martini et al, 1987; Shermak et al, 1995; Varela-Moreiras et al, 1992) . This study was undertaken to determine whether the extent of the thermisation might explain those discrepancies and, more generally, to compare the responses to the ingestion of dairy products with different living¯ora contents in lactose malabsorbers.
Methods
This study was performed after submitting the protocol to the Ethics Committee (Comite Â Consultatif pour la Protection des Personnes dans la Recherche Me Âdicale). Volunteers received written information and an oral presentation of the study. They all gave their written informed consent before the beginning of the study.
Subjects
Twenty-four male lactose malabsorbers were selected. Subjects were 28.4 AE 4.1 y old (range 21 ± 35), weighed 69.3 AE 9.5 kg (56 ± 88), were 173.6 AE 8.1 cm tall (159 ± 191) (means AE s.d.). Lactose malabsorption was con®rmed after consuming 25 g lactose in 250 ml tap water. Hydrogen concentration was determined in breath during 3 h following lactose ingestion. Subjects with a breath H 2 increase of more then 30 ppm over the basal value were considered lactose malabsorbers.
Products
Subjects then ingested ®ve dairy products according to a double-blind randomised scheme. Products were: standard yoghurt (10 8 bacteriaaml); heat-treated yoghurt (70 CÂ30 s; 15 bacteriaaml); a geli®ed and acidi®ed milk (no live¯ora); and two fermented dairy products (10 6 bacteriaaml and 10 5 bacteriaaml), obtained by dilution 1a100 and 1a1000, respectively, of yoghurt (10 8 bacteriaaml) with the heat-treated yoghurt (15 bacteriaaml). All products were processed from the same batch of milk by CIRDC (Le Plessis-Robinson, France). Fermented products were obtained after inoculation of Streptococcus thermophilus Lactobacillus bulgaricus starter culture (S85). Both products obtained by dilution and heat-treated product contained 0.54% gums to obtain the same texture as yoghurt. Acidi®ed milk was obtained by addition of lactic acid and Glucono-delta-lactone to a milk with 2.5% starch to thicken it. The ®nal pH was 4.60. The lactose concentration and the number of living bacteria were checked using standard procedures throughout the conservation of the products and remained constant. The characteristics of the products are listed in Table 1 .
At each test, subjects received 25 g lactose in one of the products. Hydrogen excretion was monitored before (T0) and every 30 min during 8 h after administration of the product, using an H 2 monitor with electrochemical cell (GMI, UK). Adverse events, either spontaneously reported or reported after interview, were thoroughly documented. A 3-day-or-more wash-out period was observed between two administrations. Subjects excreting more than 25 ppm hydrogen in breath under fasting conditions (T0) were asked to undergo another test.
Statistical analysis
The analysis was performed on the following data, calculated for hydrogen concentration (ppm) in breath: (1) AUC i , incremental area under the curve, calculated in reference to the T0 value, expressed as ppm H 2 Âmin; (2) C max , maximal hydrogen concentration in ppm; (3) T max , time of the maximal value, in min; (4) variation, (C max 7 C 0 )Â100aC 0 . Results were analysed with a two-way ANOVA. If ANOVA produced a statistically signi®cant difference, products were compared with the Bonferonni test. The frequency of the observed adverse events has been compared using the w 2 test.
Results
The evolution of hydrogen excretion upon ingestion of the different products is described in Figure 1 . The calculated parameters are detailed in Table 2 . Figure 1 Evolution of H 2 concentration in breath of lactose malabsorbers upon ingestion of yogurt, milk or fermented-then-pasteurised dairy products. MeansAE s.e.m. on 24 subjects.
Yoghurt and lactose malabsorption X Pelletier et al
The results indicate that the AUC i , C max and variation are signi®cantly lower upon ingestion of yoghurt than upon ingestion of any other product (P`0.001 for AUC i and C max , P 0.036 for variation). The values for those parameters are higher with milk than with any other product. No statistical difference appeared between the heat-treated yoghurt and both products obtained by dilution of yoghurt with heat-treated product. Out of 24 subjects, 22 reported at least one adverse event affecting the digestive tract and probably linked to product ingestion. The frequency of those adverse events is given in Table 2 . The test used indicated a signi®cant difference, with fewer adverse events upon yoghurt ingestion, and more upon milk ingestion.
Discussion
The results we present here con®rm that the presence of a high concentration of live¯ora allows better digestion of lactose in lactose malabsorbers (Gilliland & Kim, 1984; Lerebours et al, 1989; McDonough et al, 1987) . They con®rm the ef®ciency of a standard yoghurt in reducing hydrogen production and lactose intolerance symptoms in lactose malabsorbers, upon ingestion of 25 g lactose. Furthermore, the results clearly demonstrate that a standard yoghurt with a high population of live¯ora (10 8 bacteriaa ml) is more effective than the products containing reducedpopulations of live bacteria. This observation from H 2 results remain true as far as adverse events frequency is concerned.
In order to have a complete double-blind design, the milk we used was previously acidi®ed and thickened and looked like a yoghurt. This change in the texture seems to have no consequence on the results: the results obtained after ingestion of this milk are similar to those usually described upon ingestion of a conventional milk.
The fact that both hydrogen production and symptoms are improved after feeding the thermised product (15 bacteriaaml) as compared with the milk may look surprising; it suggests that part of the galactosidase activity present in standard yoghurt is not altered by the heatingprocess.
Interestingly, results were very similar with the three products containing`15, 10 5 and 10 6 bacteriaaml. This may be explained by the process we used to prepare products with 10 5 and 10 6 bacteriaaml. They were obtained by diluting product containing 10 8 bacteriaaml with heattreated product (15 bacteriaaml). The dilution was approximately 1a100 to obtain 10 6 bacteriaaml and 1a1000 to obtain 10 5 bacteriaaml. Hence, the total galactosidase activity, that was 5.2 Uaml in the yoghurt, was very low in the other products. This also supports the fact that there is an important difference in lactose digestion between the yoghurt containing 10 8 bacteriaaml and the heated products, even when the heated product contains as many as 10 6 bacteriaaml. The absence of difference between the three products containing 15, 10 5 and 10 6 bacteriaaml suggests that, once the live bacteria are destroyed, the addition of live¯ora, even to get 10 6 bacteriaaml in the ®nal product, is not suf®cient to restore the properties of a standard yoghurt (10 8 bacteriaaml). The ability of the livē ora to help in the digestion of lactose in lactose malabsorbers is only achieved with the standard yoghurt with full live¯ora (10 8 bacteriaaml). Signi®cance of the statistical test (ANOVA for parameters of the curve and w 2 for adverse events).
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